The present study deals with the economic and environmental assessment of energy conservation in residential buildings. In this approach, the heating and cooling loads of a typical residential building in Tehran with micro gas turbine units have been considered. This 8000 m 2 area building possesses 10 floors with 4 units per floor. Five distinguished scenarios, wall insulation, roof insulation, shading, triple glazing and all of the four energy conversation methods have been proposed concerning the decrease in the energy usage. Each of the energy conservation methods was studied separately in four former scenarios and all of these methods were investigated simultaneously in the fifth latter scenario. To achieve the heating, cooling and electrical loads, a number of 30 kW combined heat and power (CHP) micro gas turbine units have been taken into consideration without energy conversation methods. The results show that the best scenario concerning the OPEN ACCESS 2 minimum value of energy loss is that for which the mean heating and cooling loads were 514.58 and 519.08 kW, respectively. Also the number of CHP micro gas turbine units reduces from 30 to 11 and also the total electricity cost decrease from 0.32 to 0.16 US$/kWh with consideration social cost of air pollution.
Introduction
In the last decade, related to energy factors and ecological problems, electric demand and financial raised worldwide. These difficulties are continuously increased, so technological alternatives are considered. One of these alternatives is distributed generation (DG). Distributed generation is defined generating electricity as near as possible to consumption [1] . In addition to efficiency promotion and lower environmental pollutions, these technologies provide other advantages such as elimination of power distribution lines, lower system initial cost and higher security [1] . Distributed generation (DG) technologies are divided into two main objects including renewable and non-renewable technologies [1] . Non-renewable systems consist many technologies such as: Micro gas turbine; internal combustion engine, Fuel cell, etc. [1] . Among these technologies, cogeneration system systems play an important role. Cogeneration systems are employed where both electricity and heat are required, in these systems waste heat produced during electricity generation. Thus, an economical benefit is gained in comparison to the systems where electricity and heat are separately produced [2] . Since combined heat and power (CHP) systems produce thermal (hot water or steam) and electrical energies simultaneously. System efficiency is increased from 35%-55% to over 90% in CHP systems [3] . Among cogeneration systems which are used in residential building, micro gas turbines play a crucial role because of their cost effectiveness, mobility, and high efficiency [4] . The use of internal combustion engines, micro gas turbines or fuel cells for on-site combined heat and power plant (CHP) in residential building, has been studied by several by authors of this paper [5] [6] [7] [8] . Ren etal. [9] Performed the cost-effective operating strategy for the residential micro CHP plant. Onovwiona et al. [10] assessed a design and technoeconomic evaluation model for residential internal combustion engine system including the power generator, electrical and thermal storage systems. Ren et al. [9, 11] discussed optimal sizing for residential CHP system. They developed the technical, economic and institutional uncertainties in the design and operation of micro CHP plants while applying a comprehensive framework for uncertainty analysis. Azmy et al. [13, 14] developed a techno-economic model for the control and design of fuel cell micro CHP plant. Babus'Haq [15] suggested the energy and CO2 emissions performances of various micro CHP plants for some residential building types, by considering different electricity generation mixes. Ren et al. [11] in another paper presented the economic and environmental evaluation of micro CHP systems with different operating modes for residential buildings in Japan. They analyzed two typical micro CHP alternatives, namely, gas engine and fuel cell for residential buildings. The results of that paper showed that the fuel cell system is recognized as a better option for the examined residential building from both economic and environmental points of view. The objective was to minimize annual cost of the energy system for a given residential customer equipped with the CHP plant, combining with a storage tank and a back-up boiler. More details about CHP and micro turbines are discussed in references [16] [17] [18] [19] .
Heibati and safaripour [20] in a research simulated and optimized CHP plant by multi-objective thermo-environmental method. In this method all of optimization program was based on evolutionary algorithm.
In a new study, a model have been developed based on mathematical equations of mass and energy balance between different parts of a building and the designed model for a case study XYZ building located at north of Tehran has been evaluated [21, 22] .
In summary, followings are the specific contribution of this paper in the subject matter area:
Five different scenarios have been proposed to energy saving (heating and cooling loads of the building) and based on these scenarios, number of micro gas turbine units is calculated and it shows by using each scenario what percent of energy usage is reduced and its effect on cost of electricity with respect to social cost of air pollution is considered.
ESTIMATION OF THE ELECTRICAL, HEATING AND COOLING ENERGY NEEDS OF A RESIDENTIAL BUILDING
The studied building is ten floors with 40 units. Each floor area is 200 m 2 . The building height is 30 m; its length and width are 40m and 20m, respectively. The window areas are 30% of the south and north walls and 20% of east and west walls. Thicknesses of external and internal walls are 22 and 12 cm thick, respectively. They are made of brick with gypsum plaster on the interior walls. Thickness of roof is 22 cm and it is made of brick and roofing materials. Thermal insulation is not used in walls or roof of the building [5] . To calculate the electrical, heating and cooling loads of residential building located in Tehran, it was assumed that the 15 th day of each month represented all days of that month [5] .
Electrical, heating and cooling energy needs of this building are calculated from reference 5, a paper that was written by M.A. Ehyaei et.al. In this paper, the total electrical energy consumption in each month was compared with the electricity bill received by the family in each month of the past year.
The maximum deviation is 5%, in July, and the minimum is 0.8%, in December. The mean annual deviation was 2.34%. Fig. 1 shows the ambient air temperatures for Tehran, during the months of January, April and July [5] .
Figs. 2 and 3 show the total electrical power requirement of the residential building in a 24-hour period on January 15, and July 15, respectively. It should be mentioned that Figs. 2 and 3 do not include the electrical power and energy needed to operate the electrical motors used for the central heating and cooling systems of the building [5] . Fig. 4 shows the heating and cooling loads of the building (in kW), which is located in Tehran, on January 15, April 15 and July 15, respectively. To determine the hourly energy needs for the domestic hot water consumed in the residential building of 40 units, we assumed that all units have similar hot water consumption rate. We further assumed that the hot water consumption was uniformly distributed between 5 am to 11 pm, with no hot water consumed in the building between 11 pm and 5 am. Fig. 5 shows the daily energy needs of the building for domestic hot water [5] . Figure. 1. The ambient air dry-bulb and wet-bulb temperatures for Tehran, during the months of January, April and July [5] . 
ENERGY CONSERVATION SCENARIO TO REDUCE HEATING AND COOLING LOADS OF THE RESIDENTIAL BUILDING
In assumed building model, five different scenarios to reduce the energy consumption have been considered as follows:
Scenario "A": wall insulation Scenario "B": roof insulation Scenario "C": shading Scenario "D": triple glazing
Scenario "E": all of four energy conservation methods
3.1.A Scenario "A"
In this scenario it is assumed that the external walls are isolated to reduce the energy losses. According to Table 1 , the base case is composed of three layers: 25 mm stucco on the outside and 203 mm concrete block in middle, 16 mm gypsum board on the inside of wall. The overall U-value (overall heat transfer coefficient) is 1.485 W/m 2 K. In scenario "A" in addition to layer used in the base case between gypsum board and concrete block, a 152.4 mm mineral fiber insulator is used. In this case the overall U-value is reduced from 1.485 to 0.274 W/m 2 K. 
B Scenario "B"
In this scenario, the insulation is considered just for the last stage of the building. It was seen that a drastic reduction in thermal and energy losses is occurred by using this method. This is due to the fact that the last stage of the building is in the contact with ambient. Regarding to Table 2 , building roof is made up of three layers: 9.5 mm built-up roofing in the outside, 13 mm plywood in the middle, 13 mm gypsum board on the inside layer. The overall U-value is 1.69 W/m 2 K. Using 50.8 and 304.8 mm mineral fiber insulator between base case layers from outside to inside, the U-value is reduced from 1.69 to 0.102 W/m 2 K. 
C. Scenario "C"
One of the common methods to reduce the thermal losses in building especially in hot seasons is using the sunshade. In this building according to the geographical situation of Tehran sunshade is an overhang type. Table 3 shows its details. In this case, 152 mm reveal depth, 1016 mm projection from surface, 304 mm height above window and 2209 mm extension past right and left hand sides of window. Extension past left hand side of window 2209
D. Scenario "D"
8 One of the heat losses in building is windows. This loss for single glazing windows is due to the higher U-value in building. If the low-triple emissivity windows are used in this scenario, the thermal losses will be minimized. Table 4 shows the comparison of two windows for base case and scenario "D". It is obvious that U-value in triple glazing in comparison with single glazing reduced from 5.387 to 1.383 W/m2K. It is due to krypton gas between three glazings. 
3.5.E. Scenario "E"
The optimum strategy to reduce the energy loss in the buildings is used for four energy conservation methods which they are proposed by scenario "E". Target of these mentioned scenarios is reduction heating and cooling loads. Table 6 shows the maximum heating loads for the residential building at 5 am, 15 th January with and without energy conservation methods. Due to this table, it can be concluded that energy conservation methods such as wall insulation, roof insulation and triple glazing can reduce the maximum heating loads of residential which they effects on number of micro gas turbine units in order to meet the loads of the residential building. Table 7 shows the maximum cooling loads for the residential building at 3 pm, 15 th July with and without energy conservation methods. 
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CALCULATION OF MICRO GAS TURBINE UNITS TO MEET THE ELECTRICAL, HEATING AND COOLING LOADS OF THE RESIDENTIAL BUILDING
CHP 30 kW capstone micro gas turbine units are employed to meet the electrical, heating and cooling loads of residential building. Fig. 6 shows the power and efficiency variations versus inlet air temperature for 30 kW capstone micro gas turbines. Figs. 7 and 8 show schematic diagrams of the micro gas turbines operating in winter and summer, respectively [5] . Gas turbines are used to produce electricity to meet the electrical and part of the heating and cooling energy needs through a heat pump. The energy in the exhaust gases is to meet the rest of the heating and cooling energy needs. In winter, heating loads are employed with heat pumps and recovering exhaust gas energy in CHP heat exchanger. In summer, cooling loads are employed with heat pump and recovering exhaust gas energy in heat exchanger. Recovered energy is used in absorption chiller to meet a part of cooling loads. The following equations are used to determine the number of identical micro gas turbine units in winter and summer respectively [5] :
In case there is no energy saving preparation. We first use Eq. (1) in order to find n for 15 January at 5 a.m. Referring to Table 6 (2) we obtain n = 11.37 or n = 12 units. It is obvious from the above calculations that, main task of the micro turbine in this case meets the cooling and heating energy needs of the residential building. With a total of 30 Capstone C30 micro turbines selected, all the energy needs of the building can be met at all the time. For Scenarios A to E same method should be considered. Table 8 shows the number of identical 30 kW Capstone micro gas turbine units to meet all of the loads of the building with and without energy conservation methods. 
ELECTRICITY COST ESTIMATION OF CHP MICRO GAS TURBINE
The electricity cost can be calculated by the following equation [6] :
In which C E , C I , C O , C F , C A are the cost of electricity, the cost associated with the initial investment (including the installation cost), the cost associated with the operation and maintenance, the cost associated with the fuel consumption and the externalized social cost of air pollution, respectively.
C: the total capital cost of the installed power generation system (US$/kW),I: capital salvage factor to be paid on the unit of borrowed capital, C f : the capacity factor. The capital salvage factor (I) can be estimated by the following equation [23] :
Where L is the lifetime of the power generation system. We assumed this parameter to be 20 years and "i" is the annual interest rate assumed to be constant during the lifetime of the system, or the period of the loan repayment. The capacity factor ( f C ) can be calculated form the following relation Where mean e is an annual average consumption of electrical power by the building (kW) and no min al e is the micro gas turbine nominal power (kW). For the fuel cost used by the system (C F ), the following equation can be applied [6] :
Also, the external costs of air pollution (C A ) can be obtained from the following equation [6] : 2 2 , , , min
Where NO m  is the exhaust mass flow rate of nitrogen monoxide; CO m  is carbon monoxide and 2 CO m  is carbon dioxide. Also, C A,NO ; C A,CO ; C A,CO2 are the externalized social cost of air pollution for nitrogen monoxide, carbon monoxide and carbon dioxide, respectively. For the CHP micro gas turbine, which produces power as well as heat, a boiler is assumed to produce the same amount of heat and as a result the costs of initial investment, operation and maintenance, fuel and finally externalized costs of air pollution of the assumed boiler could be reduced from the cost electricity as following: [6] :
For calculation of the energy available in the exhaust gases, the following equation can be used [6] :
Where q is the energy in the exhaust gases and  is the thermal efficiency of micro gas turbine. For electricity cost of micro gas turbine without any energy conservation, regarding Eq. (3), the capacity factor ( f C ), can be calculated as following: The cost of operation and maintenance for CHP micro gas turbine is 0.03 US$/kWh [6] . For the cost of the fuel consumption (C F ), assuming the gas fuel cost 0.0297 US$/kWh [6] , the following equation can be applied:
And external cost of air pollution produced by CHP micro gas turbine is calculated as following: 
Regarding Eq. (10), the annual average energy in the exhaust gases is about 106.4 kW. The efficiency of boiler which produces heat equal to the CHP heat exchanger energy recovery is assumed to be about 60%, with the initial and operation and maintenance costs of about 75.7 and 0.002 US$/kWh, respectively. Electricity cost produced by CHP micro gas turbine can be calculated via the Eq. (9) as following [6] : 
CONCLUSION
In this research, various energy saving methods were proposed in different approaches according to considerable energy loss in residential buildings. Among the approaches investigated, the scenario "E", in which all the applied methods (wall insulation, roof insulation, triple glazing and shading) led to superior improvement in energy saving, was recognized as the optimum case. As the aim of this study was utilizing micro gas turbines for residential application, applying energy saving with respect to different scenarios led to decrease in the number of micro turbines employed. According to the results, the optimum building design is one whose proposed scenario has the lowest heating and cooling load. The results reveal that the best method for energy saving is using all the energy saving methods like
